Abstract. Over the last few years various researches have reached the conclusion that cosmic ray variations and geomagnetic disturbances are related to the condition of the human physiological state. In this study medical data concerning the number of incidents of different types of cardiac arrhythmias for the time period 1983 -1992 which refer to 1902 patients in Tbilisi, Georgia were used. The smoothing method and the Pearson r-coefficients were used to examine the possible effect of different solar and geomagnetic activity parameters and cosmic ray intensity variations on the different types of arrhythmias. The time interval under examination was separated into two different time periods which coincided with the polarity reversal of the solar magnetic field that occurred in the years 1989-1990 and as a result a different behavior of all the above mentioned parameters as well as of the different types of arrhythmias was noticed during the two time intervals. In addition, changing of polarity sign of the solar magnetic field was found to affect the sign of correlation between the incidence of arrhythmias and the aforementioned parameters. The primary and secondary maxima observed in the solar parameters during the solar cycle 22, also appeared in several types of arrhythmias with a time lag of about five months.
Introduction
The possible effect of solar, cosmic ray and geomagnetic activity on human health has been the subject of ongoing research. Important results emerged from studies of cardiovascular diseases or diseases of the nervous system such as stroke, myocardial infarction or even accidents [1] and from surveys that examine changes in human physiological parameters like heart rate and arterial systolic and diastolic pressure [2] , [3] . Several studies have been made to investigate heart rhythm disturbances in relation to solar and geomagnetic activity. It was shown an inverse relationship between the frequency of cardiac arrhythmic events and the level of daily geomagnetic activity (GMA) [4] . It was also observed a 27-day periodicity of the incidence of arrhythmias and a possible effect of the polarity sign change of the interplanetary magnetic field on the rate of the incidence of arrhythmias [5] . This study is a result of the collaboration of two different scientific groups, from Athens (Greece) and Tbilisi (Georgia). The results that are presented concern mainly the influence of solar, geomagnetic and cosmic ray intensity variations on the occurrence of cardiac arrhythmias.
Data and Method
A group of 1902 patients with ages from 30 yr to 75 yr with ischemic heart disease was supervised and medical data concerning the number of incidents of Supraventricular extrasystols (S), Supraventricular paroxysmal tachycardia (Ps), Ventricular single extrasystols (V1) and Ventricular multiple extrasystols (Vm) were statistically collected with daily Holter-monitoring and ECG-recording from different hospitals of Georgia. This particular study refers to the time period 1983 -1992 covering almost one complete solar cycle.
The smoothing method and the Pearson r-coefficients were used to examine the possible effect of different solar and geomagnetic activity parameters (such as sunspot number, solar flares, proton events, interplanetary magnetic field, Dst and Kp indices) and cosmic ray intensity (CRI) variations on the aforementioned types of arrhythmias.
Daily pressure corrected data of the CRI were obtained from Moscow Neutron Monitor Station (24NM64, cutoff rigidity 2.43 GV). The geomagnetic indices Dst and Ap were obtained from the online data base Space Physics Interactive Data (http://spidr.ngdc.noaa.gov).The total number of Solar Flares for the aforementioned time period was obtained from the National Geophysical Data Center (NGDC). (ftp://ftp.ngdc.noaa.gov). For the analysis, the total number of solar flares, the number of solar flares C and the number of solar flares >M were used. The total daily number of Solar Proton Events (SPΕs) for each day was obtained from the Proton Events Database (http://cosray.phys.uoa.gr) [6] .
The Statistical method of Exponential Smoothing was applied on a 365 -day basis (1 year) using the program Origin 6.0. Microcal Origin 6.0, Microcal Software, Inc., 1991 -1999). Correlation coefficients were calculated and diagrams were conceived by the help of statistical package STATISTICA ver.6, StatSoft Inc., 2001.
Results
Heart arrhythmias have been analyzed in regard to CRI, GMA and Solar Activity (SA). At first the correlation coefficients between GMA, SA and CRI parameters and the number of arrhythmias (Total and for each type separately on 1-year basis) were calculated. It is seen that there are significant correlation coefficients although small by value, especially for Total and V1 type of arrhythmias. It is interesting that the primary and secondary maxima observed in the solar (Figs 1, 2 ) and geomagnetic parameters (Fig. 3) during the solar cycle 22, also appeared in several types of arrhythmias with a time lag of about five months. It is clearly seen (Figs 1, 2 and 3 ) a different behavior of the solar and geomagnetic parameters as well as the different types of arrhythmias before and after 1989 (or 1990 in some cases). This time period coincides with the polarity reversal of the solar magnetic field: N -to + January 1990 S + to -June 1991 [7] . The parameters Rz (Fig. 2) and Ap (Fig. 3 ) are inversely correlated with V1 and Vm types of arrhythmia respectively before and positively correlated after 1989 -1990 . (The reversal of correlation is marked with the black vertical line. The green horizontal line indicates the average number of arrhythmias). CRI shows the opposite behavior (positive correlation before and negative correlation after 1989-1990) as expected, since CRI and solar (and geomagnetic activity variations are not independent. Low CRI is related to strong GMA [8] and strong SA [9] , [10] , [11] . This time period (1989) (1990) coincided with the polarity reversal of the solar magnetic field [7] .
It is also interesting that the primary and secondary maxima observed in the solar parameters during the solar cycle 22, also appeared in several types of arrhythmias with a time lag of about five months.
The time interval under examination was separated into two different time periods from 1983 to 1988 and from 1989 to 1993 and the calculated correlation coefficients are presented in Table 1 . Differences are observed in the sign and value of the correlation coefficients. Specifically, sign changes were observed only for Total, and Ventricular arrhythmias V1 and Vm. The values of the correlation coefficients are higher for each period separately than those calculated for the whole time interval (Table 1) .
Conclusions
This study focuses on the possible relation between the polarity reversal of the solar magnetic field and the various types of arrhythmias. The most interesting results are:  the primary and the secondary maxima observed in the solar parameters during the solar cycle 22, also appeared in Total, V1, Vm and Ps types of arrhythmias with a time lag of about five months  changing of polarity sign of the solar magnetic field was found to affect the sign and value of correlation between the incidence of arrhythmias and solar and geomagnetic variations and cosmic ray intensity  Ventricular arrhythmias (V1 and Vm) appear to be more sensitive to the changing of polarity sign of the solar magnetic field compared to Supraventricular arrhythmias (S, Ps) 
